Background: With increasing rates of bariatric surgery and the consequential involvement of increasingly complex patients, uncertainty remains regarding the use of intensive care unit (ICU) services after bariatric surgery. Our objective was to define the incidence, indications, and outcomes of patients requiring ICU admission after bariatric surgery and assess whether unplanned ICU admission could be predicted using preoperative factors. Methods: All adult bariatric surgery patients between 2007 and 2011 in Western Australia were identified from the Department of Health Data Linkage Unit database and merged with a separate database encompassing all subsequent ICU admissions pertaining to bariatric surgery. The minimal and mean follow-up periods were 12 months and 3.4 yr, respectively. Results: Of the 12 062 patients who underwent bariatric surgery during the study period, 590 patients (4.9%; 650 ICU admissions) were admitted to an ICU after their bariatric surgery. Patients admitted to the ICU were older (48 vs 43 yr, P<0.001), more likely to be male (49.7 vs 20.2%, P<0.001), and more likely to require revisional bariatric surgery (14.4 vs 7.1%, P<0.001). One hundred and seventy-six patients required an emergent unplanned ICU admission, with 51 requiring multiple ICU admissions. Revisional or open surgery, diabetes mellitus, chronic respiratory disease, and obstructive apnoea were the strongest preoperative factors associated with unplanned ICU admission. Conclusions: Intensive care unit admission after bariatric surgery was uncommon (4.9% of all patients), with 30.9% of all referrals being unplanned. A nomogram and smartphone application based on five important preoperative factors may assist anaesthetists to conduct preoperative planning for high-risk bariatric surgical patients.
its safety, 9 10 the sustained increase in the incidence of bariatric surgery and improving surgical techniques have inevitably led to more patients with multiple co-morbidities. This inescapably means that there will be a growing number of patients who may require either elective or emergent critical care support after bariatric surgery. Despite the wealth of published research relating to bariatric surgery during the last 20 yr, there is a paucity of data describing the relationship between levels of postoperative care [ postanaesthesia, high-dependency, or intensive care unit (ICU)] and bariatric surgery. Currently, data are limited to a handful of older single-centre studies, with admission rates for a higher level of postoperative care after bariatric surgery varying widely between 4 and 21%. [11] [12] [13] [14] To date, there are no robust epidemiological data to assist clinicians in planning for critical care service requirements after bariatric surgery. Using the well-established population-based data linkage system in Western Australia, this study aimed to define the incidence, risk factors, and outcomes of patients who were admitted to an ICU after bariatric surgery. Specifically, we also hypothesized that unplanned ICU admissions after bariatric surgery could be predicted using preoperative factors.
Methods

Ethics approval
Prior ethics committee approval was granted by the Western Australian Department of Health (#2012/21) and all eight participating hospitals, including a waiver of patient consent owing to the large cohort size in addition to the observational, non-interventional, low-risk study design.
Patient population and conduct of study
This was a retrospective, multicentre, population-based cohort study including all adult patients who underwent elective bariatric surgery in the state of Western Australia throughout a 5 yr period between 2007 and 2011. Patients admitted to any intensivist-led ICU after bariatric surgery formed a distinct subgroup. All outcomes were censored on December 31, 2012 unless the patients died beforehand, allowing for a minimum of 12 months follow-up after bariatric surgery. In 2011, Western Australia had a population of 2.39 million, comprising 10.4% of the total Australian population. 15 
Data handling
Bariatric surgery hospitalizations Patients who had undergone bariatric surgery and their associated co-morbidity data were identified using the Western Australian Department of Health Data Linkage Unit (DLU) databases that systematically connect and update all available health data for every individual within the entire state of Western Australia using the 10th edition International Classification of Diseases (ICD-10) diagnostic and procedure codes. 16 The accuracy of this database has been previously validated and formed the basis of a large number of population-based epidemiological studies in Western Australia. [17] [18] [19] In addition, the techniques used by the DLU to obtain linkage of health data across different jurisdictions has also been applied to other states in Australia and was found to be capable of providing high-quality data for research purposes (see Fig. 1 and Supplementary Online Information 01: supplemental Methodology). 20 Bariatric surgery intensive care admissions Study data for patients admitted to an ICU were sourced initially by the Western Australian Department of Health DLU and then crossreferenced by screening all local ICU databases in Western Australia manually to ensure that every ICU admission pertaining to bariatric surgery or its complications was included. Only bariatric patients admitted to one of eight hospitals with a specialist intensivistrun 'closed' ICU where considered as requiring critical care support.
Clinical end points
The incidence of ICU admission after bariatric surgery and differences in characteristics between those who were admitted to the ICU and those solely managed in the ward were the primary Editor's key points
• The predictive factors for and utilization of intensive care after bariatric surgery are poorly defined.
• In a retrospective analysis of a large database from Western Australia, all bariatric surgery patients and those requiring ICU admission were identified and analysed.
• Of 12 062 bariatric surgery patients, 4.9% required ICU admission, of which 31% were unplanned.
• A predictive nomogram and smartphone application based on five preoperative risk factors may help to identify highrisk patients.
outcomes. Secondary outcomes included identification of preoperative risk factors that were associated with unplanned ICU admissions and the surgical, anaesthetic, and medical complications that necessitated or involved ICU care.
Statistical analysis
Categorical variables were described in absolute numbers and percentages, with dichotic comparisons performed using the χ 2 test. Continuous variables were described as mean, standard deviation (), median, and interquartile range (IQR). Comparisons between normally distributed data were performed using Student's unpaired t-test, whereas non-parametric data were compared using the Mann-Whitney U-test. 
Differences between elective and emergent ICU admissions
Of the 650 ICU admissions after bariatric surgery, 449 admissions (69.1%) were electively referred to the ICU after surgery, whereas 201 (30.9%) were for emergent indications. The predominant clinical indication for ICU admission in most patients was surgically related (elective or emergent ; 89.0%), whereas anaesthetic (8.8%) and medical complications (2.2%) accounted for a small proportion of the main reason for ICU admission. Significant differences in patient characteristics existed between the two groups, with emergently admitted bariatric ICU patients more likely to be female and to have a lower BMI than elective admissions (Table 2 ). Emergent ICU admissions were more frequently associated with surgical complications, particularly when the problems arose in a delayed fashion after hospital discharge. Anaesthetic and medical complications were likewise more common among emergent ICU admissions (Table 3) . Of the 298 recorded surgical complications, 21.5% occurred within the operating theatre and another 9.1% within 48 h of surgery. Significantly, 69.4% of all surgical complications occurred beyond the usual time frame of an elective ICU stay (<48 h) after bariatric surgery. Bariatric surgery patients admitted to the ICU in an emergent manner were significantly more likely to require a raft of ICU interventions (Table 4) , including higher rates of intubation, vasopressor infusions, and blood transfusions. Likewise, total parental nutrition, prolonged durations of antibiotics, and increased radiological investigations were all more common in the emergent ICU admission group. As expected, both ICU and hospital length of stay were significantly longer for patients admitted to the ICU for emergent reasons compared with elective procedures.
Risk factors for complications and recurrent ICU admissions
In the multivariate analysis of ICU admissions ( 
Predictors for unplanned ICU admissions
Of the 12 062 bariatric surgery patients included, emergent ICU admissions occurred in 176 (1.5%) patients. Multivariate analysis showed that revisional or open surgery, diabetes mellitus, chronic respiratory disease, chronic cardiovascular disease, chronic renal disease, and obstructive sleep apnoea (OSA) were all associated with emergent ICU admission (Supplementary Online Information 01: supplemental Table S2 ). Of these seven significant variables, revisional surgery was most important, explaining ∼36.5% of the variability in the risk of requiring unplanned ICU Fig. S1 ). In the sensitivity analysis using a generalized estimating equation, significant clustering of unplanned ICU admissions by individual hospital sites was not observed. The ability of the final parsimony predictive model to discriminate between patients requiring and not requiring unplanned ICU admission was reasonable (area under the receiver operating characteristic curve=0.820, 95% CI 0.78-0.86). The calibration of the model was, however, not perfect when the predicted risks of requiring unplanned ICU were greater than 30-40% (Supplementary Online Information 03: supplemental Fig. S2) .
A nomogram based on the five most important preoperative factors to estimate the probability of unplanned ICU admission after bariatric surgery is presented in Fig. 2 and Supplementary Online Information 04: supplemental Fig. S3 . The score assigned to revision surgery is 100 points, chronic respiratory disease is 75 points, OSA is 60 points, open surgery is 55 points, and diabetes mellitus is 35 points. A total of 110 points (e.g. diabetes mellitus +respiratory disease), 135 points (e.g. OSA+respiratory disease), and >160 points (e.g. revision surgery+either respiratory disease or OSA) predicts 10, 20, and >30% risk of unplanned ICU admission, respectively. An Android application (http://www. appsgeyser.com/1947332) for smart phones and a Windows PC application (http://tinyurl.com/ps7gptv) have been created to aid with preoperative risk prediction.
Discussion
This population-based multicentre study showed that a small (4.9%) but important proportion of patients required ICU support after bariatric surgery. Such patients tended to be older and were more likely to be male, have diabetes mellitus, and have undergone either revisional or open bariatric procedures. Revisional or open surgery, diabetes mellitus, chronic respiratory disease, and OSA were the strongest predictors for emergent unplanned ICU admission. Overall long-term mortality after bariatric surgery was very low. This is the first large study to describe the relationship between bariatric surgery and intensive care use and offers a significantly longer follow-up period than most other studies documenting complications. While other bariatric studies have defined factors contributing towards surgical complications, 23 our study uniquely describes the increased complexity, resource utilization, cost, and breadth of complications associated with ICU care above that of complications managed at a ward level. Data regarding clinical care pathways that encompass intensive care after bariatric surgery are sparse.
12 13 The previously published Obesity Surgery Mortality Risk Score (OS-MRS) refers only to 90 day mortality, a very rare event after bariatric surgery, with no reference to the more common occurrence of ICU utilization. 24 Furthermore, the OS-MRS was conceived before revisional bariatric surgery became commonplace and thus does not Admission to ICU after bariatric surgery | 879 acknowledge this factor as an important element in postoperative outcomes. In a recent guide to perioperative management of the obese surgical patient, information pertaining to postoperative planning is unsupported by detailed references for ICU clinical pathways. 25 Similar guidelines from other major international bariatric bodies are constrained to discussing surgical volume and generic descriptions of supportive staff requirements, with no discussion of critical care support. 26 27 Our data on the differences between elective and emergent ICU admission after bariatric surgery improve our understanding of the requirements of critical care services related to bariatric surgery. We chose to assess preoperative factors in predicting unplanned ICU admissions because such a predictive model would be more clinically useful than models that rely on postoperative factors or complications, when unplanned ICU admission would be imminent and inevitable. We anticipated that a predictive model based on preoperative factors only will be imperfect because unexpected events that may require ICU admission do occur during the intraoperative and postoperative period. Nevertheless, our model appeared to have a reasonable calibration up to a predicted risk of 30-40%. If our model is further validated by other centres, the nomogram based on these five most important preoperative factors may be useful in assisting clinicians to decide which bariatric patients should be operated on in a facility that has an ICU or electively admitted to an ICU after a bariatric procedure. Importantly, both revisional and open surgery were risk factors for increased risk of unplanned ICU admission and surgical complications, suggesting that these surgical techniques are likely to have an impact on the risk of requiring critical care services.
Comparisons within the literature describing overall ICU utilization after bariatric surgery are constrained by the limited number of small, single-centre publications that often report older surgical techniques, including a much higher proportion of open procedures. Our data highlight some important differences from older studies. The incidence of ICU admission is much lower in our cohort than in many other reports (8-24%), 11-13 28 despite a dramatic increase in bariatric procedures in Western Australia throughout the past decade. Additionally, bariatric surgery has remained largely the domain of private hospitals in Western Australia, where ICU beds are more accessible, ranging from 62 to 84% of bariatric procedures between 1988 and 2004 and increasing to 95% of our cohort. 29 Our lower incidence of ICU utilization possibly reflects the improved surgical and anaesthetic techniques combined with an increased trend towards laparoscopic surgery, resulting in only 3.2% of our state-wide cohort requiring open procedures. This explains why the rate of complications was lower in our patients than in other reports even with a relatively long follow-up period for complications in this study. 30 31 Despite the differences in surgical techniques, our study confirms that older male patients with multiple co-morbidities remain more likely to be admitted to an ICU after bariatric surgery.
11-13
The apparent protective effect of a higher BMI in both surgical and medical complications appears counterintuitive. This possibly reflects a greater preponderance to admit patients with a higher BMI electively to the ICU and thus avert complications developing. It may also relate to the extended follow-up interval in our study, reflecting more the effects of long-term complications and repeated bariatric-related re-hospitalizations from surgical complications, resulting in both a decreased caloric intake and increased catabolism of ongoing illness.
Respiratory complications are one of the main concerns in obese perioperative patients, with major adverse respiratory events reported to occur in ∼2% of large overall bariatric cohorts. 32 In our cohort, the respiratory complication rate (12.5%) was still lower than the previously reported range of 14.4-28.2% in two smaller and older ICU studies. 12 33 Hellings and colleagues reported pulmonary co-morbidity was associated with increased risk of prolonged mechanical ventilation >24 h in 60 bariatric patients admitted to ICU. 11 Importantly, amongst our ICU cohort were 24 patients initially diagnosed as lower respiratory tract infections, of whom 14 in reality had gastric leaks with atelectasis, delaying definitive surgical management by as much as 48 h. Hence, it may be prudent for ICU physicians to consider intra-abdominal sepsis from gastric leaks when patients present with clinical signs of sepsis after bariatric surgery, even when there are radiological changes consistent with lower respiratory tract infection. This study is limited by its retrospective, observational nature and possible selection bias and confounding. The use of an administrative database is constrained by the coding conventions pertinent to the collection of large administrative data sets not specifically designed for individual studies. As such, we could not confirm whether one particular subtype of bariatric surgical procedure was more likely to require ICU admission than the others, nor collect heights and weights for the overall bariatric cohort. Additionally, because there is limited public health-care funding for bariatric surgery in Australia, most of our cohort were admitted to private health-care facilities where ICU accessibility was less constrained than in the public health-care system. This may limit the generalizability of our results outside Australia or on patient populations predominately using government-funded health organizations. Our analysis was also constrained by the difficulty of reliably anticipating intraoperative technical complications. Nevertheless, the strength of revisional surgery as a strongest predictive factor suggests that this is a good surrogate for intraoperative technical and surgical difficulties and complications, probably owing to adhesions, altered anatomy, and previous tissue injury.
Conclusions
In a multidisciplinary approach to bariatric surgery, intensive care plays a succinct but important role, with one in 20 Western Australians found to require ICU admission after bariatric surgery. This is a lower rate than most published literature to date. Revisional or open surgery, diabetes mellitus, chronic respiratory disease, and OSA were the strongest predictors associated with subsequent unplanned ICU admission after bariatric surgery. A nomogram smart phone application based on these five most important preoperative factors may assist clinicians in identifying bariatric patients who should be operated on in a facility that has an ICU or electively admitted to an ICU after a procedure. 
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